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REMARKS 



Claims 1-12 are presently pending and under consideration. Claim 7 and previously 
withdrawn claims 13-18 have been canceled. Claim 1 has been amended herein. The 
amendments are supported thi-oughout the specification, for example, by claim 7 as originally 
filed. No new matter has been introduced by way of these amendments and entry is respectfully 
requested. Upon entry of the amendments, claims 1-6 and 8-12 will be pending and under 
consideration. 

Regarding 35 U.S.C. § 102 

The rejection of claim 1 under 35 U.S.C. §102(a) as allegedly anticipated by Fitzsimons 
et al.. Gene Therapy, 8:1675-1681 (2001) is respectfully traversed. The Office alleges that 
Fitzsimmons et al. discloses the vector of Claim 1. Claim 1 has been amended to recite an 
adenoviral vector, thereby rendering moot the instant rejection. Contrary to the Examiner's 
assertion, Fitzsimons discloses a recombinant adeno-associated virus (rAAV) viral vector, but 
not an adenoviral vector as claimed in amended claim 1. Since Fitzsimons does not teach every 
element of claim 1, this reference cannot support an anticipation rejection of claim 1. 
Accordingly, removal of the rejection of claim 1 under 35 U.S.C. § 102(a) as allegedly 
anticipated by Fitzsimons et al., Gene Therapy, 8: 1675-1681 (2001) is respectfully requested. 

Regarding 35 U.S.C. § 103 

Applicants respectfully traverse the rejection of claims 1-3, 5 and 7-12 under 35 
U.S.C. § 103(a) as allegedly being unpatentable over Fitzsimons et al., Gene Therapy, 
8:1675-1681 (2001) in view of Nakagawa et al., European Journal of Pharmaceutical 
Sciences 13:53-60 (2001). 

Applicant respectfully points out the following deficiencies with regard to the 
aforementioned rejection: (1) The references, viewed alone or in combination, do not teach or 
suggest all of the elements of the rejected claims, and (2) the claimed invention represents more 
than the predictable use of the elements described in the cited prior art as evidenced by the 
unexpected results described in detail below. 
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The examiner bears the burden of establishing a prima facie case of obviousness. In re 
Rijckaert, 9 F.3 1531, 1532, (Fed. Cir. 1993). Only if this burden is met does the burden of 
coming forward with rebuttal argument or evidence shift to the applicant. Id. at 1532. When the 
references cited by the examiner fail to establish a prima facie case of obviousness, the rejection 
is improper and will be overturned. In re Fine, 837 f.2d 1071, 1074 (Fed. Cir. 1988). 

To support a prima facie finding of obviousness, it is required that the prior art references 
must teach or suggest all the claim limitations. In re Royka, 490 F.2d 981, 985 (CCPA 1974). 

When the PTO shows prima facie obviousness, the burden then shifts to the applicant[s] 
to rebut." In re Mayne, 104 F.3d 1339, 1342, 41 USPQ2d 1451, 1454 (Fed. Cir. 1997). "Such 
rebuttal or argument can consist of a comparison of test data showing that the claimed 
compositions possess unexpectedly improved properties or properties that the prior art does not 
have..." In re Dillon, 919 F.2d 688, 692-93, 16 USPQ2d 1897, 1901 (Fed. Cir. 1990)(enbanc). 

A claimed invention is unobvious when it represents "more than the predictable use of 
prior art elements according to their established functions." See KSR Int'l Co. v. Teleflex Inc., 
550 U.S. __, 2007 WL 1237837, at *36 (2007). As disclosed in the specification, the claimed 
invention is more than the predictable use of prior art elements according to their established 
functions. 

Lack of Prima Facie Case 

As amended, claim 1 is directed to a recombinant vector containing an insert having the 
general structure tTA-uitronl-TK-i-Tet07-CMV-i-intron2-transgene, wherein the vector is an 
adenovirus. Fitzsimons describes a recombinant adeno-associated virus (rAAV) viral vector, but 
does not teach or suggest an adenoviral vector as claimed in amended claim 1. This deficiency is 
not cured by the secondary reference by Nagawa et al. To support a prima facie finding of 
obviousness, it is required that the prior art references must teach or suggest all the claim 
limitations. In re Royka, 490 F.2d 981, 985 (CCPA 1974). Applicants respectfully submit that 
this requirement for a prima facie case has not been met with regard to the instant rejection. 

Unexpected Results 

Expression of the construct described by Fitzsimons et al. was less than two-fold higher 

as compared to expression in a plasmid (see Figure 4). Suppression (repression) is shown 
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between 100-fold to 200-fold with a maximum at 204-fold (cf. Figures 5 and 7). Fitzsimons 
only discloses constructs expressing luciferase, whereas constructs containing IL12 or other 
transgenes are not disclosed at all. 

This high efficiency of gene expression observed with the vectors of the present 
invention represents an unexpected result that amounts to much more than the predictable use of 

the prior art elements according to their established functions. In particular, gene expression for 
the claimed adenoviral vector constmct is much higher than for the Fitzsimons et al. rAAV 
vector. For example, for a constmct containing 11.12 as iransgene, up to 1,000 ng/24 h/106 cells 
could be expressed in a linear, m.o.i. dependent fashion for various cell lines using the same 
transgene (1L12) in 48 hours at a m.o.i. of 10 (expression of up to 200 fig). Attached as Exhibit 
1 to this response is a paper co-authored by the inventor, Block et al., Journal of Gene Medicine 
5:190-200 (2003), describing the unexpected results. 

The high efficiency of gene expression was not only unexpected, but was confirmed in 
various cell lines and for various transgenes with a comparable order of magnitude. 
Furthermore, the claimed construct provides 16,000-fold suppression for expression of the 
luciferase gene and 6,000-fold for IL12 expression. The order of magnitude of suppression was 
also completely surprising and unexpected by the skilled artisan. In this context, attached as 
Exhibit 2 is Figure 1, which shows expression of hIL12 following infection of human colon 
carcinoma cells with 10 m.o.i. and incubation over 24 hours using various concentrations of 
doxycyclin using the claimed adenoviral vectors. Determination of IL12 in supernatant and cell 
lysate is shown. The data obtained for the claimed vectors according to claim 1 support the 
unexpected high native expression and suppressibility achieved with the claimed vectors and 
represent their application in clinical studies. 

Utilizing the vectors of the invention, various animal experiments were performed with 
respect to toxicity and efficiency. Due to the unexpected high suppressibility of IL12 expression, 
complete protection in C57B16 mice could be achieved by adding doxycyclin (Dox) to the 
drinking water following systemic application of a 100 % lethal vector dosage. Further, attached 
as Exhibit 3, is Figure 2, which shows that intra-tumoral application led to highly significant 
tumor regression in all treated animals showing a long-term survival of 25%. Attached as 
Exhibit 4, is Figure 3, which shows tumors after day 18. Well observable are large tumors under 
control (mock) or when using control vector Ad.DL3 12, whereas no tumors or only very small 
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tumors were observed following application of vector Ad3r-IL12 of the invention. 



For the Examiner's convenience, the significant differences of the vector according to the 
invention as compared to the expression system according to Fitzsimons is shown in the 
following Table: 





Fitzsimons et al. 


Vector of the invention 


Dox-regulated suppressibility 
(IL12) 


Not tested 


6,000-fold 


Dox-regulated suppressibility 
(Luc) 


< 204-fold 


16,000-fold 


IL12 expression (^g/24h/10^ 
cells) 


Not tested 


1.000 


Tumor regression 


Not tested 


Almost completely 



Overall, the unexpectedly high expression as well as the surprising high doxycyclin- 
dependent suppressibility of the claimed vector constructs provide significant advantages 
regarding safety and efficiency when treating malignant diseases. 

The skilled person familiar with the cited references would not have been motivated to 
specifically modify the Fitzsimons reference to select the adenoviral vector system of the current 
invention. Moreover, the skilled person would not have expected the significantly higher 
efficiency of gene expression and the higher suppression rates compared to the expression 
systems described in the cited references. 

The publication of Nakagawa et al. does nothing to cure the deficiencies of Fitzsimons et 
al. since the reference merely describes a Tetracyclin-regulated expression system in which IL12 
is inserted as transgene into a recombinant adenovirus vector. For the reasons described in detail 
above, the skilled person would not have expected the high gene expression and suppressibility 
associated with the vector constructs of the current invention. With respect to the Examiner's 
argument at page 7 of the Office Action that Fitzsimons et al. have minimized the size of the 
cassette and decreased basal leakiness of the system, leading to tight regulation in the rat brain, 
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this also would not have been a motivation for the average expert to replace the cassette in the 
adenoviral vector of Nakagawa et al. by the construct taught by Fitzsimons et al. Furthemore, 
nothing about the combination of these two references would give rise to a prediction or 
expectation of the results described above. 

In view of the amendments, exhibits and arguments removal of the rejection of claims 1 
and 5-7 under 35 U.S.C. §103(a) over Fitzsimons et al., supra, in view of Nakagawa et al., 
European Journal of Pharmaceutical Sciences 13:53-60 (2001) is respectfully requested . 

Applicants respectfully traverse the rejection of claims 1 and 5-7 under 35 U.S.C. 
§103(a) over Fitzsimons et al., supra, in view of Lode et al., European Journal of 
Pharmaceutical Sciences 13:53-60 (2001). 

Lack of Prima Facie Case 

As amended, claim 1 is directed to a recombinant vector containing an insert having the 
general structure tTA-intronl-TK+-Tet07-CMV+-intron2-transgene, wherein the vector is an 
adenovirus. Fitzsimons describes a recombinant adeno-associated virus (rAAV) viral vector, but 
does not teach or suggest an adenoviral vector as claimed in amended claim 1. This deficiency is 
not cured by the secondary reference by Lode et al. To support a prima facie finding of 
obviousness, it is required that the prior art references must teach or suggest all the claim 
limitations. In re Royka, 490 F.2d 981, 985 (CCPA 1974). Applicants respectfully submit that 
this requirement for a prima facie case has not been met with regard to the instant rejection. 

Unexpected results 

The unexpected results achieved with the presently claimed vectors are described in 
detail above. The secondary reference by Lode et al. does not add anything of significance 
except that the authors teach single-chain IL12 fusion protein. The publication, however, is 
completely silent as to the cassette bearing the transgene and the combination of Fitzsimons et al. 
and Lode et al. provides no expectation of the results described above. 

In view of the amendments, exhibits and arguments removal of the rejection of claims 1 
and 5-7 under 35 U.S.C. §103(a) over Fitzsimons et al., supra, in view of Lode et al., European 
Journal of Pharmaceutical Sciences 13:53-60 (2001) is respectfully requested . 
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Regarding 35 U.S.C.S112 



The rejection of claims 1-4 and 9-12 under 35 U.S.C. §112, second paragraph as allegedly 
indefinite is respectfully traversed. 

Claim 1 is allegedly indefinite for reciting the phrase "exhibiting the general structure." 
Applicant maintain that, viewed in light of the specification, which discloses in paragraphs [8]- 
[39] of the published application, what is encompassed by the general structure. Accordingly, 
this phrase is submitted to be sufficiently clear and definite. Nevertheless, Applicants have 
amended claim 1 to replace the offending phrase with "essentially comprising." 

Claim 2 is allegedly vague with regard to the term "reverse." The intended point of 
reference is allegedly unclear as each viral genome allegedly has various points of reference. 
Applicant respectfully maintain that the recited phrase itself, which states that the insert "is 
inserted into the viral vector genome in reverse orientation," clearly communicates to the skilled 
person that the viral vector genome is the point of reference such that the vector is inserted in 
reverse direction compared to the genome of the virus. 

Claim 3 is allegedly vague because it recites the term "inverted" without a point of 
reference. Applicant submits that the recited phrase itself, which is "wherein the positions of 
tTA and transgene are inverted in the insert" makes clear that the two elements are inverted vis- 
a-vis each other. 

Claim 4 is rejected for not describing the "use of the lac repressor." Applicants submit 
that claim 4 is a composition claim and there is not requirement to describe the use of lac 
repressor in the claim. The metes and bounds of the claim are delineated by the elements that 
make up the vector composition, not their use. 

In view of the above, removal of the various grounds of rejecting claims 1-4 and 9-12 
under 35 U.S.C. §112, second paragraph, is respectfully requested. 

CONCLUSION 

In light of the amendments and remarks herein, Applicants submit that the claims are 
now in condition for allowance and respectfully request a notice to this effect. The Examiner is 
invited to call the undersigned attorney if there are any questions. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 
hereby made. Please charge any shortage in fees due in connection with the filing of this paper, 
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including extension of time fees, to Deposit Account 502624 and please credit any excess fees to 
such deposit account. 

Respectfully submitted, 

McDERMOTT WILL & EMERY LLP 

/Astrid R. Spain/ 

Astrid R. Spain 
Registration No. 47,956 

4370 La JoUa Village Drive, Suite 700 Please recognize our Customer No. 41552 
S an Diego , C A 92 1 22 as our correspondence address. 

Phone: 858.535.9001 ARS:cjh 
Facsimile: 858.597.1585 
Date: November 5, 2007 
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Abstract 

Background Adenoviral vectors have been shown to efKciendy transfer 
DNa into a-wide miely of eukaiyotic cells in •ntm and in vivo. Howewer, the 
ctieiapBudcbeDefiE of this approach is limited by seveiE side effects as a result 



Methods A W-dtcectiongl promoter that controls the dedred ttansgene 
as well as a tetiacycHne-suppiwdble rransacttvatur tWA) was doned Jnto 
tbe El-region of El-ddeted recombinant adenavind vectors. Auioragulation 
within this constrict tivbs obtained by tTA expression under eoncrol of the 
operator, to which cTA binds In che absence of tetracydlne. Conaequently, 
binding of tetracycline to (TA results in dowmreguUlion of iTA as well as the 
co-eKpressed trawsgeac in the Infeaed cell 

Reanlcs We were able to suppress lucJferase-reporter gene expression by up 
to IGOOO-fbld in the presence of do^cycUne (dox, 2 (ig/jnl). Under contrDl 
of this fetracydme-regulatcd system, single-chain jnterleuldJi-13 (seIL12J was 
expressed. AdenovirallymediatecJ expressJon of this potentially lethal cytokme 
with strong actreatian of antitumoial inrniunc response was downregulated 
by up to 6000-fold in the presence of dot Subseqnendy, this downregulatlon 
also resulted in a hlgjfljr signiBcaBt reductioo of inteiferon->' sectedon 
by sdmulated splisnoQTies. These niainly contribute to the toxldty of this 
inununotherapeutic approach. 

e:5ptessic:a levels exceeding those of the cytomejolovires 
CCMV3 promoter in ahaost all ceD lines tested, these new vectors will also 
conmbuie to the safety of adenoviral approaches by controlled expression 
^ont cofflpromising on majdmuin expression levels. Copyright © 2002 
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Introduction 

fZ°^ r^"^ "^"^^ S^"^ '^^"'^^^ a ^de variety of 

iffereat euk^ot^c cells ss well a. hi^h transgcne agression in cancer 

'^'^ ^ uncontrolled tran^jfene ^^^S 
^ted CD«clty. Our objective wj« to cteae adenovii^ vecton with Wah 
t^sgene «.pr«do„ levd, as weU as the option to efflclenHrdS^^giS 



EXHIBIT 1 



23/08/2005 12:24 



+494089955488 



UEXKDELL 8 STDLBERG 



Oi7X-Suppresslble Adi-noviral Gene Exprasslon 

the system m case of severe side BBects. Expression levels 
in the absence of doxycydine excBEd chose of tradjtiODd 
constitutive promDters lite the qromegalovims (CMV) 
promoter. Tliis snperlor expression can help to reduce 
the viral dose administered, which wjU COTsequantly 
Hmit vectov-velated toxidcy. Transjene-reJated toxicity 
is of major concern In gene dierapy approaches utilizing 
cytokine genes or apoptosis-inducing genes. Therefore, 
flownresuktioa of trausgenc expression by more than 
three ordeis of magnlcufle will certainly conalbuls to the 
jafely of these approaches if unacceptable side efifects 
should arise, 

Correndy the Tet-system, wWch is based on elements 
of the Escfterichio eoK tet operon, seesu lo be one 
of the most suitable tools for the control of gene 
expression. The tetcacydine-indudble repressor piotein 
Ctari^) is fused with tbe transcriptional acclvacion 
domain of harpes simplex virus VP16, Tbis tTA fusion 
protein interacts with the heptamerized tetO operator 
sequence restilting in transciipticoal activation of fiaiddng 
miDimal promoters [1,2]. Bmding of tetracycline and 
its derivatives to the TetR domain of flA Inhibits 
the interaction of this fosion protein with its operator 
sequences, which results in downrsgtdadon of transgene 
escpression. Utilizing the original cec-reguiated expression 
system in recombinant adenoviral vecttas 13,4] posed 



two major problems. linited packaging capadiy and 
Inappropriate activation of the CMV minimal promoter 
by enhancer interference are major obstacles in obtainins 
regulated gene ejqiression delivered by adenoviral 
vectors tS]. In addition, constitatiorai transactivator 
ejcpression led to ttansoiptjonal squelching with 
related toxicity. To oveicome these obstacles, the iTA 
was expressed under the ccmtiol of a bi-dlrectaonal, 
minimal promoter consisting of the previously described 
heptamerized TetR binding domains fla.nl:ed by minimal 
TK- and CMV-promoters [6]. 

This Is the first report of the coosiruction of 
adenoviral vcciracs delivering tetiacydioe-suppresslble 
gene ej^nession hy intc^atinj; this antoregidated b{> 
dhrectionat expression cassette into the El-resion of 
a single, repUcation-deHdenc recombinant adenovinis. 
Expression of fTA under conuol of the TK minimal 
proncioter and diiferent transjenes under control of 
the CMV minimal promoter resulted in a positive 
feedback loop in the absence of tetracycline and its 
derivatives CFigura 1). The lucifcrasc marker jene was 
ntfliaed to conipare adjustable tiHnsgene expression after 
rafecrion of tumor cells VLdth adenoviruses providing 
constitutive CMV-driven gene expression. Subsecjuendyj 
this adenoviral tetcacycUne-suppressible gene expression 
system was used for the regulated egression of a 




CMV p40 IRES pSSbSHM 

Figure 1, Autoregulated. 



TetO, CMVnitt Ml 
Ad.CMV-p40JFlES.p3S 



cjqiiusion and odcoovitdl Boastxttctfon. Ihe ti-dlieetional 
tet-tMpon8lblepn)raoter(TK,,d„-Tis«)7-CMV„i„) eontroli ttanigwsajwallwttansBcidvBtorespTMsIon.BIndtapofthelTaxwactJvator 
In the abience of tetracycline or doxyiyEline resulH in aroplMcatlon of craiurBcrivawr expcewlDa thioii^ a poriavB feedback 
loop ss wc" as IndvcUon of transgene exprwlon. The trutorapJated ratrneydiae cxpre««ion etigsette wto -insetttd Into &it A£l 
region of the adenoviral paiome, An intioa iros plac«d upstrcom from the tranncttratoi wnd the Inciferace oj imoine jnteidan)da<12 
gen« to prevent ci?ptlc spKdne and » oit^ RNA stnWSity [Ad,3r-tuc ond Ad.3r*cK-l3). JWoreovfer, XECOoabinant adenoviral veenrs 
Edt tbe expression of ludfeeise or die heterodtnieiic muzine Irtterlealdn-ia under ecmciol of thb CMV-pioncter -n-eze consixucted 
(Ad.ClMV>tuc and Ad,CMV-p40.IW!5.pSS]- tTA, Te»«ef rcisor ond VP16 Hmion protein; TK;ai„, thymidine Wnase minimal promoter; 
CMVftta, eyBniBfBlovJrus jnlnJmal promoter; TbiO/, heptamerisedTefropErator.ElandES, Hwly regions of the adenoviral genome; 
tllBS, InteniRl ribosojne entry site; CMV, cj ' ' " 
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single-chainj imnine mterleu3dn-12. ScIL12 was chosen 
for xcgvJatcd adencTviral gene expTession in cancer gene 
therapy because this heterodimetic cytoldne effidendy 
sdmutates antituinoral acdvatiDr and proUfetation of 
T-lymphocyte.'! and NK-cells- Cytolytic activity of these 
cells is fncther enhanced by ILia^mediated producdon of 
Intcrferon-y ^-y}. 

1LI2 has been proven to be effective in a iraneiy 
of different cancer modek [7,8]. Hia-secrsdng rumor 
cells were showra to induce a strooj Bntitamotal 
immune response in mice. Thus., different predinical 
and cUnical studies using transduced tumor cells [9] 
or fibroblasts [10] were inidated. In order to fedlitatc 
the espression and secretion of bioactive ILlZ, which 
is normally composed of two independently transnibed 
subuaits; a fusion protein replaced this heterodiinQ' v\ridi 
a polypeptide linker in between these siibunlts 111,12]. 
Consequently, inhtbCtiOD of.bioactiTiiiy by fte fotmation 
of p40 horaodimers [13-15] was prevented. 

Systemic adjnioistration of recombinant IL12 was 
associated wifii severe side effects resulting in s 
teiBiination of a dinical 5may[16], Considering side 
effects such as hemorrhagic colitis, kucopoenia, and 
elevated liver enzymes after systemic adiainistiatjon of 
humaa ILia [17], the developmcait of a recombinant 
adenoviral vector providing adjustable scIL12 expression 
for the traosducdon of tumor Cells would significant^ 
contribute to the safety of these Mmovative approaches in 
CTtokioe gene therapy. 



Materials and methods 

CeU lines 

Hela, Hela-CMV-tTA, and 293 human embryonic kidney 
cells were cultured in HGDMEM (Gibco, RocJadlle, MD, 
USA]. Human RT-4 bladder cancer cells and humaa 
colon adenocarcinoma cells Hr29 were kept in McCoy 
medium CCHbco). MCF-7 and BT-26 human breast 
cancer cells as well as human cokro- [Colo 205 and 
SkCO-x) and pancreatic adenocarcinoma CAspc-1) cell 
Imes were grown in RPMI medium [Gibco). HepG2 
huwan hepatocellujar carcinoma cells were maintained 
in MEM medium CCHbco). CeDs were cultured and 
spUt according to standard procedures. All media were 
Sttpplemented with 10% fetal bovine serum [FBS; 
Tet system approved, Qomech, Palo Alto, CA, USA), 
1% penicilUn/strBptomycin (Gibco) and 1% glutaminc 
(Gibco). The human myeloma cell line U266 was grown 
in RPMI medium supplemented wfth 15% FBS (aontech) 
and 1% penicillin/straptemycin (Gibco). 

Plasmid coxistruction 

DNA Jragnjents wets separated by agarose gel elec- 
trophoresis aod eiuted from the agarose with the Qiagen 
gel B-xcraccion Wt CValencla, CA, USAJ. DHSaipha ceDs 



A. Block etffJ. 

were used for plasraid propagation. Plasmid DNA was 
prepared using a modified alkaline lysis protocol followed 
by purification over a proprietaiy ion-exchange calutnn 
according to the manufacturer's instructions CQiagsn). 
Before transfection LPS contaminatians in plasmid DMA 
preparations were reduced by a Triton X-117 extrac- 
tion method [18]. The plasmid pBIG 3r containing the \ 
autoiegulated tTA expression system was Wadly piwlded 
• by C. S. Straihdee [6]. The firefly ludferase cDNA was 
obtained from the pGL3basic (Promega, Madison, WI, 
USA) by Bgin and Xbal digestion and inserted into pBlG 
3r cleaved with Spel and BamHt generating pBIG 3r luc. 
Tbe adenoviral plasmid pAd.CMV expression cassette wras 
removed by Xbal and SaU digestion after refilling with T4 
DMA polymerase. pBIGSr Ittc was digested with PvtOl and 
Salt, and fragments containing the bicistronic expression 
cassettB were ligated into the badibone of pAd-CMV-pA. : 
The resulting adenoviral plasmid pAd3r-iuc contained 
the bi-directional expressbn cassette S'-fianked by the ; 
1-456 bp of the ADS genome including left ITR and 
packaging signals and 3'-flanked by 3346-S865 bp of 
the ADS genome. ^E^im^I TK-promotcr-driven expres- 
sion of the cTA was andparallel, and mtnlmal CMV- 
promoter-diiven expression of the lun'ferase gene was r 
paraflel to the adenoviral El transcription. The lucifemse 
gene was released fom pGL3-basic by dlgestioji with 
I^nl/Sall aadligated into the adenoviral expression plas- i 
mid pAd.CMV.pA resulting m p!Ad,CaiV-luc, The sdLlS 
cDNA was obtained Brom pSFG.IU2.p40X,p35 [1 1] after 
digestion witiiNcoI and EcoRV. This fragment was sub- i 
cloned into the Nhel/Sall site of pAd.3r-luc replacing I 
the hxcifeiase gene. pSFG.E12,p40.Lp35 was kindly pro- j 
vided by R. a Mulligan. The pAd.CMV.p4a.mES.p3S, | 
Idndly provided by M. Caruso, contains Che two murine J 
0,12 subunits se;paxaced by an encepfaalomyocarditis virus 
internal nTiosome entty sils (IRES), Expression of this 
construct is under condrol c£ the human c^oiegalovlrus ' 
promoter (CMV) element from - 601 to - 14 relative to 
the transcripdonal start site, which has been «hown to 
effidendy drh^e gene esqptesfon in adenovfrHlLy trans- ! 
duced cells [:i9]. 

Generation and amplification of 
recombinant adeno-viral vectors 

Recombinant El- and E3-ddeted adenoviruses were les- '■ 
cued and plaque-purified after caldum phosphate 
ated coffansfEction of pAd.Sr-luc, pAd.CMV-luc. pAd.3r^ 

sclLia or pAd.CMV,p40.IKES.p35 wi± pBHGlO [20]. j 

The El- and E3-deleted adenoviruses were amplified in ! 

293 cells and purified by CsCl centrifugatiDji as previ- ! 

ously described [21]. Titration of purified viruses was i 

perfanned by plaque assay. Tl^e resulting titers for Ad.3r- I 

lu<^ Ad.(aiv-Iuc, Ad.3r-«cE.12 and Ad.CMV-p4D.]RES.p35 I 

wgre 1.0 x 10™ p.f.u./ml, 7.S x 10' p,f.n./ml, 6.7 x lO' i 

pJ.uyml, and 8.0 x lO* p.f.u./ml, respectively. ViralDN'A • I 

wgs obtained (Qiagen DNA Hood kiO for sequencing anal- ! 

ysis in order tn confirm insertion, cransactivator sequence ; 
and orientation. 
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DM-SuppresslbIs Adenoulrat Gena Expression 

In vttfo adenoviral transfection 

HT29, Colo205, SkCO-1, AsPc-1, HepG2, MCF-?, BT^ 
and U266 cells wsre seeded into six-wSl and welvMrell 
CU266) plates at £1 coacentration of 1 x 10* cells/weD 
6 h before transfection. Larger Hela, Hela-CMV-fTA, RT-4 
and 293 cells were seeded at a concentratiDn of S x 10^ 
cells/weJI. U266 myelomn cells were grown andinfEcted 
in suspcndoi; eultuie. Purified viral partides were dihtEd 
la media without supplemeBts, and cells were exposed to 
500 nJ of die appropriate vinTs dUution per well for 1 h. 
After removal of the infecciovis suparaatant, Hall media 
supplemented with various concejitratJons of dox were 
added. Media were replaced eveiy 24 h. 

Quantification of transgene ejqtressxon 

Twenty-fbur hours post-infection wjth Ad.CMV-Iuc or 
Ad,3r-luc, cells were hanreEted with ISO ^a cell culture 
lysis reagent according to the manufacturer's protocols 
CPromega). Luciferase aciiviiy in 20 \sl of cell lysate 
WHS mensiired usinj a Benold I-B9S07 luminometer and 
luciferase assay substrate (Prcanega). Standard curves 
were generated using recomblnaat firefly luciferase 
CPromega) diluted with CCI-R to concentrations from 
Ipg/nd to SOOng/tnl, Since rlu show a saturation 
profile at higher concencralions, a two-phase exponential 
association curve fitting was performed using the Ptism 
software package CGrapbPad Software, Inc. San Diego. 
CA, USA). Protein concentration was detennined using 
the DC protein assay kit [BioRad, Hercules, CA, UBA). 

QuancLfication of single-chain aad hetetodimedc 
murine IL12 in cell-free supernatant after adenoviral 
infection of tumor cells was peifoimed by a niJLI2 
p70 ELISA COptEJA™, Pharmingen) gsioiming simi- 
lar jjnniunoreaciivity and molecular weight for hoth 
forms. Splenocytes wei-e isolated using standard proce- 
dures. Splenic ceils were ften cultured for 3 days with 
RPMI 1649 supplemented with 10% FBS, 1% peni- 
rillin/sttepiomycin and 1% glutamine in anti-mouse 
CD3-coated -flasks in the presence of anti-human CD2a 
[5 jig/mi) in otdec to enrich T-cells and stimulate murine 
ILZ ieoBrion. Bioaccivity was determined after addition 
of SO-fold diluted conditioned supemataia Scorn Ad.3r- 
SCIL12 (-^/- dox), Ad.GMV-p«.]SZS.p35, and mode 
infected HT2P ceUs to 4x 10* murine splenocytes in 
a final volume of 12S )il fbr 24 h. Murine EFN-j' was 
quantifled in spleaocyte-free supernatant using a IFN- 
y EUSA (OptEIA™, Pharmingen). To detenuine specific 
bioacdvity, half-log dilutions of conditioned supernatant 
of bodi forms of adenovirally expressed murine ttl2 and 
baculovlrus-expressed purified murine IH2 CR&D Sys- 
tems) were tested lbrlL12 irmnunoreiicdvity [p70 EUSA) 
and Wtl-y induction in splenocytes us described. Bloscttv- 
ity of adenovirally expressed heterodimeric rU3 can be 
reduced by the formadon of inhibitory p40 homodimers 
as described elsewhere. We did not use a capture bjagssay 
in order co tEflect poteatiHily lower bioactivfty in vivo. 



»y3 

SDS-PAGE and immunoblottiag 

Following infection of HT29 colon cancer cells, lysates 
were loaded on 15% acrjdanjide sodium dodacyl sulfate 
(SDS) gels after boiling in Lacmmli sample buffers under 
reduriog conditions. After electrophoretlc separation 
proteins were transferred to 0.45 mn Imtnobiloa-P 
(MiHipor^ Bedford, MA, USA) and btodted with TBS 
containing 5% non-fat dry milk for I h. Acdn and the 
fusion protein tTA were detected using a rabbit and- 
octin affinity isolated antigen-spediic antibody C#A2065; 
Sigma, St. Louis, M, USA) and a mouse anti-TatR 
moiiodDDaj antibody C#S632-i, Clontedi) [1]. After 
incubation for l h, blots were washed with TBS 
containing 0.1% Tween-20, pH 7.S, and incubated with 
anti-rabbit and anti-iuDuse pcro.xldase-linkBd secondary 
antilbodiej (Dianova» Hamburg. Gennany) for I h at 
room tenpecature. 7rotelns ware finally visualized after 
urashtng and diemiluminescence detection [22] [ECL, 
Amezsham, Buddnghamshire, UK} according: to Che 
manufeietufei's insttuetioas. 



Tetra^dine screening of serum from 
blood donors 

One female and seven maks aged between 23 and 
35 years old were selected as volunteers. They had not 
received any antiinfiectioustreatmentfor at least 1 month. 
All of them were healtiiy and on a western standud 
diet 50 ml of perqiheral veijous blood were drawn, 
and serum was obtained using standard pxaceduxes. 
Sera oodeiweiit Kie fraeze-iiiaw cycle befbra cell 
culture experiments and tetracycline deteiminarions were 
perfbraied. Human sen were added to cell culture 
media instead of FBS. TettricycKne-HCl was purchased 
from Fluka C3iemicals (Gammy). Bakerbond RP-IS 
solid-phase extracdoo CSPB) columns were obtained 
ftTjni MalJinckrodt Baker CPhilKpsburg, NJ, USA), HPI.C- 
grade solvents and other dicmicals were purchased from 
iWerck CWMtehouse Station, KJ, USA), High-perforaancc 
liquid chromatography OiPLC) was performed on a 
ConstaroetricSSOO MS andRP-lB HyPUMTY® ADVANCE 
colnnms finm ThermoQuest (Gemiany). Data analyju 
vras petfbnned using Chejnstation software ftom Agilent 
(Gemiai^). AftsrprecondldonJag of BP-IB columns with 

2 X 1 nil methanol £>llowed by 2 x 1 ml water, 3 ml 
of senim containing 0.1 tnoVi citrate buffer CpH 6.8) 
and 0.1 molA EDTA were applied at a flow rate of 

3 ml/jnin. Hie colunms were then washed witii ID ml 
of water and 1 ml uf methanol, TetracycUne was duted 
by 4jnl of niedianol comalnlng 0.1% trifluoroacetic 
add [23]. The eluate was dried and reconstituted in 
100^1 OMM) oxalic add in water/acetonitrile (93:2, 
vAJ at pH2.0 adjusted with HCL chrowatography 
was perfbrroed at room temperature at flow rates 
of,^0.9 mVftlin. Fluorescence at 416 nm Cexcitation) 
and 515 uBi Ceniissiou) was achieved by complexating 
tetraeydine with 0.2% tw/u>zirconium(lV) chloride [24]. 
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CalibcBtiDn was perfcwoned vrith aqueous solutions of g s^io* 
cetracydine-HCI at 2-100 ns^nJ With coeiBcieiits of £ 
vMiations of 6.3% (iniraday) and 8.5% pntecday) q a.Oxio^ 



for 10 tig/ml. 



Results 

ConstractiDn of dox-suppTessible, 
autoregulated adenoviral vectors 

The adenovira] axpressioji plastnids pAd,3r-]uc and 
pAd.3r-5cILJ2 containing iiia luciferase and murine 
SQlil2 gene under control of dietetraq'cline'SUpjressible 
autoregulated sysrera were conscnicted. In a jimilar pro- 
cedure, plEismlds contaialng the luciferase gene and the 
cDNA ancoding muTiiiep40 and p3S linked by an internal 
ribosome entry site OSES) under control of the CMV- 
piomntET wrere generated. Finally, recombinant E1/E3- 
deleced adenovinises Ad.3r-luLc, Ad.3r-scIL12, .4d.CMV- 
luc and Ad.CMV-p40.IRE6.p3S CFJgure 1) were generated 
by cocraniifection of these adenoviral expression plasmids 
with pBKGlO. Plaque purification and amplification were 
performed In 293 cells. Adenoviral titers were quandfled 
Tjy standard plaque assay techniques. Rescue, amplifica- 
tion and plaque assay of Ad.3r-scIL12 wciB up to 67-fold 
higher In die presence of dew (2 iig/ral'), probably indi- 
caciii^ the toxicity of unsuppiessed scIU2 e:q>ression in 
293 csUs, In contrast; dox did noc I»ve an influence on 
ibe titerins: of Ad.3r-Iuc Cda.ta not shown}. 




Figure 2. Dose-dcpBndSnt geae expremiion after infactJun of 
HTZ9 eoloo cancer ceQs wltib Ad.3T-liie FeDowed by varicvs 
cOflcentiatloiif of tha tetre^yvUac derivative doxycyelbie. 

RS luppreislbJe by doxyqrcl^ !K 
0,1 ngy^iiL Western blot anaiysb of 



Dose-dependent, doxy<qrcIiti&-xegiilated 
lucifejcase and transactivator gene 
expression 

We have praviously demonstrated the high susceptibility 
of hxunen colon cancer cells HT29 to adenoviral 
transduction [25]. These cells were infeaed wjth.Ad.3r- 
luc at an inultlpUcity of infection QaOl) of 30 foUovvSng 
incubation with do^ at -various concentrations far 
24 h. Luciferase activity -was determined in ce]l lysaics 
related to soluble cell protein. Dox concencrations as 
low as laopg/ml resulted in significant reduction of 
gene expression. FurthEonore, gene expression was 
majdmally suppressed with dox: concentrations of up 
to Siig/si, resulting: in' residual activity of lOng/mg 
(Figure 2). This coacentiarion of dfflt is commonly 
used in the clinical treatment of bacterial infections, 
In this settuigj dox-mediated suppression of ttansgene 
expression was up to 2400-fbld. The dose-dependenc, 
dox-regulated suppression of the positiro feedback loop 
was mustratEd by detectitis the fTA fusion proceins with 
TetRmonoclonal [1] and VP16 polyclonal antibodies [25] 
in Western blot analysis. Increaslnj concentrations of dox 
resulted in doivnreguladon of imraccllulaT tTA levels, 
correlating with decreased luciferase gene expression. 



MOI-dependent, suppressible 
luciferase expregsion 

m29 cells were infected withAdJr-ltic atMOIs froaj 0.1 
to 100 followinj incubation in the absence pr presence 
of dox ar 2 )iz/ml for 24 h. Supptesaon of Indfeiase 
gene exuression in lysatea of Ad.3r-luc-tnfected HT29 cells 
ranged from 470 CMOI 0.3] to 2400-fold (MOI 10-100] 
(Figure 3] . The extent of supprEs.>dDn remained conatant 
at high MOI, which could be crudal for sufBcient control 
over transgene-related toxicity. Dox at concentrations 
of 2 ):g/ini did not impair adenoviral gene expression 
io HT29 cells utilizing the constinirive CMV-promotsr 
(data not shown). Ja order to im'Estigate the efficiency of 
Ad3r-liic-mediatcd transgene expression in the absence of 
doo^ expression was compared widi HT2$ cgUs infected 
with Ad.CMV-hJc. In HT2P, Ad.3r-luc revealed lilglier 
gene ejtpression than Ad.QMV-iuc for all MOIs tested 
(1-100) ranging between 18-fbld (MOI 100) and 240- 
fold (M0£ 1). 

MOI-dependent regulated expression 
of mtirine interleuikin-12 

HT29 cells were infected with Ad.3r-scn.12 at MOIs 
ranging from 1-100 and incubated in the absence 
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DcwSup|>re5sIWe Adenoviral Gene expression 



1 

; '.xio^ 



□ Ad,3f-luc-DoK 
Q Acl.3r-luc+D09tp! 



il 



multiplicity of Infectton 

Pls^re 3. IndTuue ^ene estpvifAvn aEter bifeciloo oF m 29 cells with Ad.CUV-Iuc or A4.3T-Iae at vatious nmliipllcltlcs of hiecdaji 
CMOI^. DoxycycUrtK-re^aced gene expres^n after inrecUon with Ad.3r.loc achieved wlthlji « wjdo isngsof in&cdon fnm at 
leaiit 0. 1 to 100 inoi, nsultine in 470- tp 2400-feld «uppx«i9ton of ludfErase expression. Lue exprewlon was considerably lower 
using the CMV.pcDmoter Instead of the Sr-promoKr ssstem tav tfie !(tueace of dox at all MOC tested 



or presence of dox at Tiig/ai for 24 h. Sca.12 gene 
ejcpression was suppressed by more than 1400-fDld at an 
M0[ of 100 in Che presence of dw (Figure 4). Western 
blot Einalysis revEaled trtaisactiraiDr (fTW eoepresEion 
correleumg vath IL12 expression. Gniaparisoa wiiJi CMV- 
driven IL12 e>cpr^sloa confirmed previous flodings nnag 
ludferasc-e.'cpressing adetioviiuses. Monsuppresscd 3r- 
mctliarBd IL12 gene expression was ll-fold (MOl l) to 
375-liold CMOl 100) higher than ndlizinj the constitunve 
CM\/-prDtnoCer. assuming similar inununoreBctivity of the 
p70 ZI.ISA towards i:cLl.l2 and the CMV-driYGii expression 
of a p40/p35 heterodimer. Bloactivity of both forms was 
quan.ciPed by incubation of murine splenocytes with 50- 
fold diluted eondWoned media following infection of 
HT29 wichIL12-expre33ing adenoviruses CPiguie 5). Hig-h 
JFN->' seu'etion of splenocytes was obtained by incubation 
widi conditioned media after infection of HTZ9 w'th 
Ad.3r-sdLl2. This i.nducilon of tPN-)/ was significantly 
higher as compared vvith infection of HT29 with the 
commonly used Ad.CMV-p40.IRBS.p3S. Addition of dox 
resulted in a suppression Of IFN-/ to background levels. 
Furthermore, tlje specific bioactrvity of adeno^irally 
expressed forms of IL12 in comparison with recombinant 
purified p40/p3S heterodimers was ajwi^cd (FigBra 63- 
Murine splenocytes were incubared with half-log dilutions 
of recombinant heierodimeric IL12 or IL12 containing 
condiaoned media as described. luductioo of IFN-y 
correlated wrh ijnmunore activity of IL12 in the media 
as determined by p70 ELISA. Basal induction was 
caused by preincubation of splenocytes with and-hxtman 
CD38 anltlbodies resulting in the expression of 1L2 and 
subsequent Induction of IPN-y [27]. Bioactiwity of the 
jnmrine rfagk-chain IE.12 fusion protein was compainljle 
to the purified recombinant p40/p35 hetexodimfir. The 
reduced bioactivity of ILIZ expressed after infecdon 

Cnpyrlijli I IB Jaoa John Wlloy & So«ii. Ud, . 



With the comoaonly used Ad.CMV-p40.!S£S.p35 could 
be c^Iained by inhibitoty p40 homodimers as previous^ 
described [13-15]. 



Regulated ludferase and 
mterieukhi-12 gene expression in vitro 

Different hutnan colon carcincroia CHT2P, SkCo-1 and | 
CoIo20S)j pancreatic carcinoma CAspc-1), bladder carci- | 
noma CR.T4), cervical cardnoma (HeU), brcasl: carcinoma | 
CMCF-7 and BT-20) as well as myeloma CU266) and hepa- | 
toccllular carcinonia (HepG2] cell lines were infected with | 
either Ad-OMV-luc, Ad,3r-hic, Ad.CMV-p40.IH£S,p35 or t 
Ad.3r-3cIL12 and incubated in the presence or absence of | 
dox. Expression of ludferase and reconibinflnt .interleulon- 
12 was determined as previously described. Dox-medlated 
suppression of hicifeiase and JntcdeukiD-lZ eacpression 
was iUustrared in a». cell lines CFigure?]. Dox resulted 
hi a 4.4-fbld CU266) to 16 000-fbld (SkCo-1] suppression | 
of lucifcrase expression- Suppression of ILIZ was 3.9-fold | 
in U266 and ranged fiom 167-fold CHepG2] to 6000-fold | 
CAspc-1). In the absence of dox the 3r-promoter proved 
to be superior to the CMV-pronioter in almost all cell . 
lines tested. Except in Hepoa with high CMV^roediated 
Indferase expression wliich is comparable to 3c-mediated ' 
expce5sl.on, jo. all other cancer cell liaes the Sr-proraoter 
resulted in 4.1-fbld CU266) to 1100-fold (HT-29) higher 
gene expression in the absence of dox. Similar differences 
were found between CMV-mediated and 3r-med)ated 
mtixleuldn-12 otpiession. Interleukm-12 expression io 
mock-transfected cell Bnes vras not detected. Except in 
U266 with significantly lower 3r-jnediated IL12 expres- 
sion, the 3t-promoter resulted in 17-fold (SkCo-i;) to 
42S4-fbld CColo20S) higher transgene sxpression. 
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□ AiJ.3r*clLl2.Dox 
H Ad.CMV-pAD.IRE3.p3S 



10a 30 



Rigwe 4. ^'?j*"'**'^*»J]J'^ expression after in&ttlon of ai29 with intcrteuJdo-IZ expiesslng edEmovinwes at TOriout WOI, 
wi,on°ir 'S^l!!!'*^!!!?***'^^^ atouwte^veqtOB, In «m ai«c was n sobytantiaUjr hlgtcr yield of huwleulin. 12 exprcsgion 
«p»«™neve„ Wowl«Td« ob^^^ WMnKMOl.Both domain. 9f the fTAfustonproKin were det^ted 

u^^ISSe"^ J2^«;^t',*"."r"*",*i'^ Ad.3«dm. E«pT«d„n of th. flA fori^R proieta corteJated irtft H« MOT 



Ludferase gene expression after 
infection of tTA-transfoxmed Hela cells 
■with Ad.3F<luc 



Hela ceDs with stable transfonnarion of CMV^ven tTA 
exprcsston were compaied 'widi native Hda ceJIs after 
infection with Ad A-luc ta the presence ami ahseux of 
doxycydine in order to detennine effects of autoiegulated 
tTA expression in rompatison to constitutivejy high 
intracellular levek of tTA CFIgure B). Excess of tXA in 
transfonnsd Hela resmted in a SlO-foId increase of 
CMVmij-medisced gene espression at an MOl of l. This 
difference becaiat less tiian 5-fold CMOI lOD) which was 
due to high inoacellular OA levels in notmalHda cdls at 

0>niSfia 0 20DZ John WOqr HSbk, Ud 



hij^ MOI. Dox-mediated suppression of gene escpiession 
was seen ta both cen lines at aJl values of MOI vyith 2.S> 
foMhigher gene expression in CIWV-iTA-transfonned cells 
at all MOI tested. Higher leakiness in the presence of dox 
indicated residual adjvation of the CMV^fa-pnunoter by 
ronstitatlve ttansactivatof Htpressian to HeIa.CMV-iTA. 
LeaMness was reduced by autraregukted tTA expression. 

Regulated gene expression foUowing 
incubation with human serum 

Only very low concentratioDS of dojqfcycline and 
tetracycline Ctet) are necessaiy to suppress transgene 
expiBssion in our new system. Therefore, regtilation 
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Dw-Suppresslble Adenoviral G«ne Expression 



AdCMV-p<>D,lFIES.p95 
Acl.3r.5elU2 + D(jK 3 
Acl.Sr-sclLl2-[:ox 



0 2500 soon 7500 ^OOQO 
Inierferon-Y [pe ' 4*1 0* splenocyiaa In sa h) 

PIgjre 5. mductton of tnterfenjii.y expression after tnsutetiim 
of splerotytes with coriJltlDned supcfnatani of Infected HT29 
cells. 10' cells were InfECtEd with Ad.3r-scn,12 C+/- 

Doxl or A(!.CMV-p1.0,IEass..p35 at an MO.l of 30 for 24 h. 
Inftctlon uf HT2? with Ad.3T-scIL12 reiulced In high ievels 
of inceifwon-y Indiicrion as conipatcd with Infecdon with 
Ad,C»IV-p*0.lRES,p3S. Addition of doxycytdina resulted in a 
reduction o( interferoD-K to badtgrouiKt levels in tint blwunay 





liiiL 




10-1 10" 10' 10« 10" 10* 10^ 10= 
Int9rleukln-12 (pg/nlj 

Fi^re 6, Comparison <7f intntietan-y inductiQn by adenovi- 
rally expi'used sinsle-ctiRln <uid heterodlnteric (n(er]eulda']2 as 
well as purified vecombinoivt [ntorJ«Udn-lZ. Interleultln-12 was 
detecin(n«d in conditioned ;upur>8taat aC infected (m? cells 
uti,ll!!l[ig a p70-n>n.t2 EUSA. Murine splenwytes were Uien (ncu- 
|]«tEd with serial dllution.<: ot elOier adCitovJxBJly expressed or 
cBcomliinnnt toterlcttkins:, and Indvwecl Interferon-}' w»j qusncl- 
ined using a Mm-y ELISA. The Mooctivity-imiminareactMQ^ 
of flinglE-cJiHln intMJaufcin-12 was coropsrabJe to recombi- 
natit ptirified lieterodlmeilc toterlenHn-ia. Specific Woae- 
dvity of adcnovirolly prodwed heceradimerle mtErI«iMA-I2 
(Ad.CMV.p4D,cu;s.p3S) appeared to be Itiwer. possibly ^ne t» 
Inhibitory p40 homodlmers 

of gene expression in hiunan cobn cancer cells was 
invcscigated in ±e piEsence of human serum to confirm. 

die feasibility oJFthis approach In aposslWe dinicaJ setting. 
Since tetracycline is widely used in. stock treeding, serum 
samples from healthy vnlumeera on a Standard westera 
diet wEjre tested for tet using a itandard HPLC procedure 
with a maximum sensitivity of 2 ng/ml. HPLC did not 
reveal significant tet concentiations In any of tibe samples 
tested. HT29 colon carcinoma cells infeiaed wil3i Ad,3r- 
hic CMOI 30) following incubation wia these humaji 
sera did not result in a significant difference in transgene 
expression as compared witli certified tenacycIinE-feEe 
fetal bovine jenim CKsu'.'e?). This findine reflects 
tetrEicycline concentrations in human serum samiples kss 



Vipae 7. Luciferase and Iiiterleukin-I2 Qcp.iesslon after Infec- 
tion of dJtfoceo* cell lines with eiflaer cMV-drlven or a^drivaa 
scne Eitpresslonin thcpresBDce and absence of do^ycycUaE CMoi 
10; UZ66: MOI 20 0). Intracellular Incifenije jeiie SXpreisian was 
juperlor to the 3r-promoter in all ceU lines tested- Addition oi 
doj^cyclinc resulted In blsrhly stgnlfieant suppression of gene 
expression, -nWch was even lower ttam CMV-proiBOter-dri»Ea 
g«ne expression. EntM]enUn-12 levds in Oie mpeniaKuit aitet 
Infecliion with the eonespondin; lUa-expTeNSD; Bdenavirases 
revcolcd B slnUar pattera except Cbi tlie U266 teH line 




Ad.3Huc [lTl.o.i-] 



Kgisre 8. Lndfeiase gene (wpressioa after infedion of Kela 
and Heln-CMV-tTA ceBs with Ad3r-lue. Jn the presence o£ doK 
C2 (ij/ajl) there was only a minimal difference bi trajjsseoe 
expression («e)o -(- Dox vs. Hda.CKlV-crA + Do*]. In dtx-free 
RtedlMO), infectioa of stable riA-traiisfoniiedHcla cells resulted 
in more than zJoy blghev lucifeiase gene expreHlon at an MOI 
of 1 with dcereasinp dlffeences Ijetween these cell Mnes at 
Wgher MOI [Hela vs. Hela.Cfclv-trA) ' 

Chan 10 ps/rol. As expected, suppkmencation of these 
human sera with dox (Ziig/nii) resulted in highly eBScient 
suppression of ftratwgefte ejtpression. Inieresdngly, this 
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□ AiSr-luc - DoK 

□ Ad.3r-lue+Dox ^ r| 



FCS 



Fi^e 9. InculMtIm of Ad.3T-ltto{Dfi:eted HT 29 colon earei- 
nanm cells With boom sett huteqd of ceMiBed tett»7cUiw-ItM 
fetal bov&ie fenim. Thcsre wad DO jdgnlfldnC ^SBeraxR vslflSf 
human seniin of valoutEen oti a acandvd western diet as com- 
pated with cerclQed tetiaqrcliiie-ftee feta} calFsecum. Ihete dats 
suggest teuaeydlne cdacentrations al human volunteer; to b« 
below 50 ps/jol. SupplemEijcaHon of hutnen sera wittl doi^cy- 
clinc (2 ng/ml] rcsuitei in suppression of trait«SEne wpcession 
as pteviourly shown. SCS, fetal calf sewm 

bidogicai system is at ieosc 40-fold mm sensiijcvie than 
standard HFLC procedures inplicatins a more suitable 
tool for the deteeiion of tet and dox \xa0e3 in. human aad 
e [28]. 



Discussion 

Wid> the development of potent viral vector systems 
enabling efficient gene transfer in vitro and hi vtvo, 
toridty of expressed transgenes after the event of infecr 
tion is becoming one of tha m 
gene therapy. lH:cviou5 repoitx iodlcaced 
antituoioral cellular imcnune response after txausduction 
of tumor cells with iDterleuldn-12 [29,30]. PrecMcal 
in vfvei studies suggest that the therapeutic windcw of 
iiicer!eulda-12 is rather small and depends on the tumor 
model [11,12], genetic heterogeneity [31] and tteannent 
schedule [16].Thus,ti^rcgii]arioaof cransgqneeq)re^ 
sion without comproiQl^iDg on maxinially atteihable levels 
of geae expression throu^ adenoviral VEcsors would 
he desirable. Dox-depettdent Indtlction of gene expres- 
sion after infection with two adenoviral vectors was 
first described in 1998 [3Z]. Mora recent p^iblications 
of tetrscydlnc-rzgulabed expression systems ia aden- 
oviral vectors lacking autoregulatoiy elements indicate 
significantly lower levels of regulatfon [33] . Whh two ade- 
noviral vectors. 3D0-fold suppression in Wire and 10-fold 
suppression in vivo were ofctained by a tetracydme- 
regulated vector system, One of the vectora- contained 
the CMV-driven iTA gene and the other the IL12 gene 
under control of a tetracydins-itsponsivE eleanent [34]. 
Similar suppression was shown in a rat model [35]. 

We liave generated and characterized a one-vector 
based, replicatjon-dafident sdenoviral system wltij 
Rutoregulatcd transactivator e:^resslim that allows for 

copyifthre 2002 John WBcy & Soot. 1*4 



very dghi: control of uansgene expression by the addi- 
tion of doicycycline at non-toxic concentrations. High 
suppression of gene expression was accomplished over 
a wide range of MOT and in different carcinoma cell 
lines. The level of suppression depends on the con- 
centration of dox. Maxlraiun s'^P^'ESslon of crEnsgene 
expression was achieved within concentrations as low as 
2 iig/mlr thus suitable for Ac dtnicql enviromnent. Levels 
of reporter gene expression using this regutottjty system 
exceeded levcb obtained by the wdely used constiturive 
human cytomegalovirus (HCMV) immediate-early pro- 
motej by up to mora than lOOO-foM (n a variety of cancer 
cell lines in Che absence of dox. Using these innovative 
aucoiegulated recombinant adenoviral veaots. die pi^s- 
ence nf transacdvatois prior to infection is not required. 
In addition, tondty due to constitutive exprjsssioii of. 
lihe transactivator aiod transcriptional interference were 
aTOided by dox-dependent autoragulative gene expres- 
Sion. These adenoviral vectors prove to be much more 
versatile and effoitless tools, compared with transgenic 
animal models and cell lines that constitutively expiess 
the transactivBtor [1,36-38]. Dox-regulated gene expres- 
sion can also be carried out after adenoviral infection 
of a wide variety of native mammalian cell lines or tis- 
sues. FurtieTiDore, the autoregulation described restricts 
leaklness of rransgane exprsssion by reduced transacti- 
vator expression when suppressed by dox [39] , The use 
of a genecEcB% engineered and taij^y seoetory IL12 
adds to the st^eiior promoter activity resulting in up 
to 4000*ld higher cytokine secretion [Colo 20S) com- 
pared with the HCMV-ptomoter-driven heterodiraer in 
a variety of cancer ceU lines, rH2 expression in die 
absence of dox was also superior to previous findings . 
in whidi marine tumor cells were adenovirally trans- 
duced using the CMV-pionioter to dzive expression of the 
heteibdimeiic or scBLlZ C7490 ng/lO* tells x 48 h [11]. 
60 (ig/lO* CCDs X 12Q h [40] and 1.2-S.6 ng/loe cells x 
24h [12]). Reported transduction of human tumor cells 
in preclinical [25 -SO ng/10* cells X 24h [41] J or clinical 
trials C0,987 n&'lO^ cells x 24 h [10]) was significantly 
lower. ScIL12 was shown Co have a similar Woactivity as 
compared with fee widely used heterodimeric form [1 1] . 
Fnniienriore^ inhibition of bloacdvlty by formation of p40 
homodimei? was avoided and fast reguladon of gene 
Bcprcssion in the Sr-system ensured efficient secretion 
ofsclLlZ 

InitiaUy, 3r- and ClvIV-proraDter activities were ana- 
lyzed in B variety of cell lines by expression and quan- 
tification of intracellular ludferase without considering 
difiisient ^ycosylation capacities for the secretion of IL12 
(Figure 73. Ihe Sr-promotersystem was superior in all cell 
lines except in HepG2, which had high adenoviral trans- 
duction efficiency resuitins in Similar expression and only 
10-fold dox-mediated suppression. In contrast, expression, 
of secretory cytoldnes litce E12 resulted in far superior 
levels and stipprfiSsiDo performance in the supernatant of 
infected cells when ucih'zins fte Sr-promoter [Figure 7). 
As a result, sBcretoty capacities of the expressed cytoldnes 
arc Jikefyto enhance the perferniance of these adcnoviial 

J Crac hkd 2003; Si »0~20D. 
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vectors, Secretion w IL12 depends on posttranslatiooftl 
processing. VnU'ks scIL12, which is secreted by a secre- 
I'ory leader domain oFp40, seCTeticn\ of heCErodimeric 11.12 
is mediawcl by glycosvlation of the p3S subunit [42,43]. 
Different patliways cf secretion and giycosylarton capac- 
ities might explain dliferences in tremsgene expression 
by U266, The ft CIVIV- promoter we used' provided n-12 
expression levels in U266 calls sJmilar to pi-evlous find- 
ings [41]. However, further studies are necessary to fiilly 
e-xploce this piienomenon of transgene-depend«it pro- 
motei' performance. 

The supetiorttj' of the 3r-promoter illustrates tie 
poEsiljility of reducing tile adenoviral dose of these new 
adenoviral, vectors, thus diminishing vector-specific side 
effects. This advantage is mainly attributed to VP16- 
mediated trajtisactiv?iQon of uansgene expression and 
positive feedback of tTA expression in the absence 
of dox. To 8 minor extent, diiferences in 3r- and 
CMV-promoter activity may also be attributed to 
differences bet%veea eiqiression cgssettcs. A cbimeric 
intron derived froin the fused nrfpartite leader sequence 
of adenovirus major late transcript and a hoinaA IgG 
gene were Integrated upstream of the tTA coding 
rssioiQ [6,44]. These vectors were compared with widely 
used recombinant adenoviral vectois with CMV-promoter- 
drlven gene expression that waa not further enhanced by 
the integration of introns [19,25,45,453. Enhancement of 
CMV-driven gene ejcpression by intron integration has 
been discussed previously [47,48]. Also, downregul.ation 
of CMV-medlaced gene ejqiresslon by lytoWnes lllce IFN-y 
or mo [49] needs to be considered in the dinical setting, 

In order co address the question of sufficient tXA 
expression after adenovtral transduction with this system, 
wc infected Hela and Hela.CMV-tTA cells with Ad.3r- 
luc at different MOI tn the presence aud absence of 
dox (Figure S). Ill die presence of dox, suppressed gene 
expression was only moderately higher in Hda-CMV-tTA 
at all values of MOI tested. Without dox, infection of 
constitutively tT.^expressing HeLa reaulted in moie than 
300-Pold higher transgene expression at low MOI, buT on^y 
5-fold higher jene expression at high MOC. Adenoviral^ 
expt-essed tTA quan titati vely compared with consdmtivciy 
e.'cpressed iTA only at an MOT of 100, thus resulting 
in similar transgene activation. At low MOI, maximum 
transgene expression might be improved by higher iTA 
ejcpression wiflioiit compromisina on leaWness. Nudear 
cavgeting was utilized by hicorporating the adenovirus 
ElA nuclear localization signal to improve «TA function ia 
our constructs [2,6]. As shown previously [6], masdmuro 
lTA expression can be further improved by replacing 
the TKn,!,;- with die CNtVnsin-prorootEr, but basal level 
transcription will be considerably higher compromising 
the perfbrmancB of dox-mediated suppression. 

Higli constitutive ejqjiession of rrA not only results 
in VP16-mediated cellular toxicity [50,51], but also con- 
tributes to tlie lealciness of tct-reguhtory gene estpres- 
sion systems. As shown eariter, adenovirally mediated 
transgene expi'ession depends on sitSnspeciiic enhancer 
effects [33]. Read through activity by 5'>Hanldng ElA 
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enliaticer elements can significantly contribute to trans- 
gene expression of genes integrated into the left part 
of die El region [52], Low back^und tlA expressum 
levels in our consttocts were accompjUshed by in.<:enlng 
the tTA gene in reverse orientation into the center of the 
El region. This might also e:q3lain low lealdness as com- 
pared with previously published adenoviral constructs 
utilizing constitiitive transactivotor gene expression with, 
tetracTdinc-respansive elements CTRE) in the origlaal oii- 
entation and S'-flaalced by adenoviral sequences [3-5]. 

Poceatial contaminaiion oFibod with small amounts of 
tetracycline and its derivatives was a meijor concern in 
die use of these vectors and their sensitive autoregulated 
system in a cUtiical setting, Accoitiing to our findings, a 
standard western diet does not seem, to affect the sensitive 
tet-OFF system CFigute 9), although these data have to 
be vaHdatcd in a larger study. Tec levels were lower 
than 50 pg/ml. thus not aSi>cctag the tE^OFF system in a 
potential clinical study. 

One promising approach is to combine this highly 
eiScienc dox-mediated gene expression system with tissue 
or tumor specificity. Cuirentiy, we ere investigating 
different modifications of the TetO-flanldng minimal 
promoters in order to reduce transgene e;qjression in 
adjacent aonmaUgnant tissue even in the absence of dox. 

To our knowledge, our study is the flist to describe 
«id characterize single adenoviral vectsrs with integrated 
autoiEgulatory transactjvator expiession resulting in 
very high transgene expression In the absence of 
do3C Nevertheless, suppression of transgene expression 
by addition of this antibiotic was tiot impaired, and 
suppression levels of up to 16000-fold were obtained. 
These Bndings illustrate the potential for the construction 
of regulated adenoviral vecttJrs tecpressing therapeutic 
tiOTSgenes of up to 4.B kb and we are confident that 
liiese adenoviral vectors will become powerful tools in 
the molecular therapy of malignant diseases. 
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Fig. 2 Tumor progression of MCA-26 tumors following 
intratumoral injection of 10® p.f.u./20g KG Ad.DL312 or 
Ad.3r-IL12 10® p.f.u./20g KG 
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Fig. 3 Tumors at day 18. Tumor regression following 
intratumorale injection of Ad.DL312 (control vector) and 
Ad.3r-IL12 as compared to control (mock) . 
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